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R79cell uptake assays. Knockdown in
HMDMs inhibited phagocytosis
of aged RBC or apoptotic cells.
Stabilin-2, previously associated with
alternative macrophage activation and
with demonstrated localization on
endothelial sinuses of liver, lymph
nodes, spleen and bone marrow [19],
may be a particularly attractive
candidate for clearance of circulating
aged RBC and apoptotic leukocytes.
Finally, Park et al. [18] demonstrate that
engagement of stabilin-2-expressing
cells with either aged RBCs or the
monoclonal antibody resulted in
production of TGFb, a hallmark of the
anti-inflammatory program associated
with recognition of apoptotic cells.
Intriguingly, each of these receptors
seems to use different sequence
structures to recognize PS and these
may be different again from such
recognition domains in the PS-binding
bridge molecules, or the scavenger
receptors, or for that matter, those
of other PS-binding proteins, such as
protein kinase C, annexins or other
coagulation proteins. Until crystal
structures are available, much
remains unknown as to how PS is
recognized by each of these diverse
molecular structures (e.g. whether as
a monomer or multimers patched in
the plasma membrane or oxidized).
The overall redundancy of PS
recognition in response to apoptotic
cells is also noteworthy and leads to
critical questions about the signaling
pathways employed. Of interest here,
genetic analysis in C. elegans
identified signaling molecules but
provided very little evidence for
recognition receptors, suggesting
significant common usage of signal
pathways with perhaps overlap and
redundancy in the receptors. BAI1 was
identified by its interaction with the
ELMO–DOCK180 RacGEF signaling
complex and both the Gas6–MerTK
and MFG-E8–av integrin complexes
have also been shown to at least link
to this complex [11]. Tim4 does not
have a significant or obvious
intracellular signaling domain and
may therefore require a signaling
partner — i.e. serve rather like a
membrane-bound bridge molecule
and/or predominantly as a tethering
ligand. In other words, the finding of
three new PS receptors raises many
new issues, not the least of which is
that it seems unlikely that we have yet
found them all. How do they all
interact? How is the redundancy playedout in different tissues and on different
cells and at different times? Finally, it is
important to note that we can put to
rest the concept that there is a single
phosphatidylserine receptor — there
are clearly many — and the originally
identified PSR needs a new name.References
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Sexually Selected Sperm
Sperm exhibit extraordinarymorphological divergence yet precise evolutionary
causes often remain elusive. A quantitative genetic study sheds light on
the major role postcopulatory sexual selection could play in determining
sperm size.Oliver Y. Martin1 and Marco Demont2
Sexual selection arises because
individuals vary in reproductive
success [1]. This variation oftenexceeds that in survivorship and sexual
selection is thus a potentially powerful
evolutionary force [2,3]. Classically,
sexual selection is viewed as
comprising competition between
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R80males for access to females and mate
choice exerted by choosy females.
Disregarding direct material benefits,
suchmating preferences are thought to
be driven andmaintained by processes
involving ‘good genes’ and/or ‘sexy
sons’. In the former, indirect benefits
arise because females prefer male
traits indicative of broad genetic quality
and hence produce sons (and possibly
daughters) of higher viability. Under
a sexy son rationale, indirect benefits
stem from the production of sons
with enhanced mating success.
Importantly, in both good genes and
sexy son processes, female mating
preferences spread and aremaintained
through becoming genetically
associated with male fitness alleles
for higher viability and/or mating
success. Although these processes
were both incorporated in Fisher’s
original verbal model [4] and genetic
covariance between trait and
preference features in good genes and
sexy son sexual selection, the term
‘sexy son’ is usually used to describe
the self-reinforcing effect resulting
from genetic correlation (the Fisher
‘runaway’ process).
Sexual selection goes beyond
precopulatory processes, as securing
mates is not sufficient to determine
reproductive successs [2]. After
copulation, male ejaculates compete
for fertilization (sperm competition) and
preferences for ejaculate traits may be
expressed via the female reproductive
tract (cryptic female choice). For these
postcopulatory sexual selection
preferences could similarly be driven
by good genes (via male sperm
competitive ability: good sperm [5]) or
sexy spermmechanisms (via enhanced
fertilization success [6]). The ‘sexually
selected sperm hypothesis’ [7,8]
proposes that postcopulatory sexual
selection selects for male traits that
increase fertilization efficiency and
female traits that promote sperm
competition (multiple mating, complex
female reproductive tracts). This
hypothesis [7,8] includes the sexy
sperm mechanism — enhanced
fertilization success without
enhancement of other fitness-related
traits — that can lead to Fisherian
runaway sexual selection. It does not
exclude the possibility that overall
genetically superior males have greater
fertilization efficiency (the good sperm
mechanism) [5,7]. A recent study [9]
has investigated the impact of these
mechanisms on sperm length andfound support for a sexually selected
sperm process.
Thorough investigation of sexual
selection mechanisms requires
a detailed knowledge of the specific
male and female reproductive traits
involved and their underlying genetics.
Reproductive traits involved in mating
and fertilisation are known to be
subject to rapid and divergent
evolution. This rapid divergence has
been demonstrated in reproductive
traits at various levels, from
reproductive proteins and organs to
behaviour [10–12]. Sperm are
particularly notorious for interspecific
diversity in form and size. This
divergence could potentially herald
strong sexual selection and has been
argued to be driven primarily by
male–female interactions, via
postcopulatory sexual selection and/or
sexually antagonistic coevolution.
Rapid diversification of reproductive
traits via male–female coevolution,
strengthened through correlated
responses in life history traits, has
far-reaching implications and may
impact on reproductive isolation
between populations and ultimately
speciation. Comparative studies on
insects suggest strong associations
between male and female reproductive
traits, and sperm size in particular
has been found to correlate with
dimensions of female sperm storage
organs and/or ducts [13,14].
This pattern of correlated evolution
indicates that females are strongly
involved in shaping sperm traits, and
this possibility has also been
addressed experimentally using
artificial selection. Miller and Pitnick
[15] created Drosophila melanogaster
lines where males and females were
selected for dimensions of key
reproductive traits (sperm and seminal
receptacles, respectively).
Reproductive traits responded
successfully to directional selection
imposed as in similar artificial selection
experiments [16]. Additionally,
selecting for longer seminal
receptacles induced a correlated
increase in sperm length. Longer sperm
was found to out-compete short sperm
when competing in females selected
for long seminal receptacles.
Subsequent work [17] has provided
a clear proximate mechanism for this
fertilisation advantage — the heads of
longer sperm are closer to the exit of
the sperm storage organ and hence in
a better position to achieve fertilisation.CURBIO 6068_6069Together, this research suggests that
sperm lengthmay be sexually selected.
This finding of a genetic correlation
and hence a possible Fisher runaway
process may also help explain giant
sperm in some Drosophila species.
Addressing similar issues in
a different species, Simmons and
Kotiaho [9] applied a quantitative
genetic approach to the dung beetle
Onthophagus taurus. They found
significant additive genetic variation in
spermatheca size and significant
heritability. Importantly, consistent
with sexy sperm and good sperm
processes, the study shows that there
is a significant negative genetic
correlation between spermatheca size
and sperm length: fathers that sired
sons with short sperm also sired
daughters with large spermathecae.
Here, large sperm storage organs are
genetically associated with short
sperm and this is in contrast with the
pattern found in Drosophila [15].
These results acquire further
significancewhen placed in the context
of previous findings in Onthophagus.
Shorter sperm were found to have
a fertilization advantage in competitive
situations, and this advantage
depended on spermatheca size [18].
Sperm length, like spermathecae size,
exhibited significant additive genetic
variance due to sires and, interestingly,
males in better condition produced
shorter sperm [19]. As a result of the
genetic covariance between sperm
length and male condition, females
fertilizing their eggs using shorter
sperm could produce offspring of
better condition (the good sperm
mechanism). Taken together, these
findings [9,18,19] suggest a sexually
selected sperm process incorporating
a (good sperm) mechanism to produce
high-quality offspring. Simmons and
Kotiaho [9] argue that postcopulatory
sexual selection could thus shape
sperm just like precopulatory female
preferences affect evolutionary
divergence of male secondary sexual
traits [1].
This new study [9] provides
compelling evidence that
postcopulatory sexual selection can
shape reproductive traits (particularly
sperm cells), yet questions remain.
Addressing these would help increase
our understanding of the sexually
selected sperm process in this system.
Whereas in Drosophila the proximate
mechanism for the fertilization
advantage of long sperm is
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R81resolved — the sperm head is closer
to the site of fertilisation [15,17] — this
is unclear for Onthophagus. What
are the characteristics of short sperm
that contribute to fertilization success?
Or approaching the problem from
another angle, what drives the
evolution of (large) spermatheca size?
Larger spermathecae could promote
increased sperm competition and
relate to a greater propensity for
polyandry. Genetic correlations
between reproductive traits (sperm and
spermatheca size) andmale and female
mating rates could be addressed
experimentally. Artificial selection
incorporating monandrous (no sexual
selection) and polyandrous lines
(sexual selection) could be applied to
verify whether fertilisation efficiency
increases with intensity of
postcopulatory sexual selection. This
approach could also aid in the
investigation of whether inclusive
fitness is higher in polyandrous than in
monandrous females as predicted [8].
To specifically investigate the good
sperm aspect in this system, it would
be necessary to investigate offspring
viability in relation to father’s
fertilization success. Finally, sperm
number could also play a role (for
example [20]), so do males with short
sperm also transfer more or less sperm
(depending on how costly short spermare to produce)? Future work in this
vein could help verify key predictions of
sexually selected sperm processes
[7,8] and further the understanding of
reproductive traits central in speciation
processes.
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Euclidian EuploidyEstablishment of proper attachments between chromosomes and
microtubules is essential for the accurate division of the genome. Two recent
studies indicate that these attachments are facilitated by the geometry of
chromosomes and the bipolar arrangement of spindle microtubules.Jason Stumpff and Charles L. Asbury
Cell division in eukaryotes involves
interactions between microtubules of
the mitotic spindle and protein
complexes called kinetochores, which
assemble at centromeric regions of
chromosomes. Paired sister
chromosomes in mitosis, or paired
homologous chromosomes in meiosis
I, can only be segregated properly if
their kinetochores bind tomicrotubules
that emanate from opposite spindle
poles, an arrangement known as
bi-orientation (Figure 1). Errors insegregation lead to aneuploidy, the
cause of human trisomy disorders
and a hallmark of cancer. Thus, the
mechanisms promoting bi-orientation
have been a subject of intense
investigation for many years. Two
recent studies, one of which appeared
in Current Biology, suggest that
spindle and chromosome geometry
are sufficient to achieve
bi-orientation [1,2].
Historically, two general
mechanisms for bi-orientation have
been considered (reviewed in [3]). The
first relies on geometric constraintsthat compel paired kinetochores to
face towards opposite directions. This
directional bias, in conjunction with the
bipolar arrangement of microtubules in
the spindle, is thought to promote
attachments between spindle poles
and kinetochores that face each other
and provide a means to avoid making
attachment errors. The second
mechanism relies on a widely
conserved phospho-regulatory system
that corrects erroneous attachments
by promoting detachment when paired
chromosomes are connected to the
same spindle pole, an arrangement
called syntelic attachment (Figure 1A).
Syntelic attachments generate less
tension than bi-oriented attachments,
and this reduced tension is thought to
activate the Aurora family of kinases,
which in turn causes detachment of
kinetochore–microtubules. The relative
importance of these two mechanisms
in ensuring bi-orientation, however,
remains unclear.
